INTRODUCTION {#sec1-1}
============

During the recent national shortages of propofol, physicians started to look for alternatives with similar properties. A major setback to the use of propofol for sedation by physicians globally is the legal binding as a result of the directive released by the American Society of Anesthesiologists (ASA) and the Royal College of Anesthetists (Great Britain) that "Propofol must only be used by healthcare provider with specialized training in airway management." As per a recent survey from Canada, it was realized that more than 90% of gastroenterologists use sedation for facilitating procedures in a GE suite.\[[@ref1]\] An interesting survey involving gastroenterologists from 29 European countries found that non-anesthesiologist administration of propofol (NAAP) was used by 29.9% of the respondents in nine countries, and approximately two-thirds of other endoscopists would consider implementing steps against the use of propofol by non-anesthesiologists. They also found that in the present scenario, the main reasons for pressing the use of an anesthesiologist for based propofol sedation were medico-legal issues and cost.\[[@ref2]\] Most of the physicians beyond anesthesiologists and emergency physicians do not actually receive any specific additional training in management of airway and thus they end up into complications upon the use of propofol and are likely to face legal actions. Additionally, it is not uncommon to find an occasional patient with an allergy to egg or soya that form components of propofol formulations available in the market. It is difficult to categorize the type of allergy or the possible dangers of propofol administration in these patients. Although mild allergy may not be an absolute contraindication to the administration of propofol, one has to make a decision to proceed with this anesthetic or resort to an alternative.\[[@ref3]\] Outside of endoscopy anesthesia, the need for an alternative is mainly for induction, as anesthesia can be maintained with inhalational anesthetics. Thiopentone or etomidate readily fills this gap as long as maintenance is performed by alternative means. This invariably involves the administration of inhalational agents, which requires tracheal intubation for an upper GI endoscopy. Also, as most GI procedure suites do not have adequate scavenging systems, inhalational anesthetic administration can be environmentally hazardous. GI endoscopy demands a still or cooperative patient to tolerate procedures of short to intermediate duration. For upper GI procedures, this entails airway sharing. The expectation is always a level of sedation and analgesia that allows the insertion of an endoscope with no coughing/retching/gagging. The modern GI endoscope practice involves many diagnostic and therapeutic procedures that could be intensely stimulating for brief periods of time. Many of these procedures (endoscopic retrograde cholangiopancreatography, endoscopic mucosal resection, endoscopic ultrasound, double balloon enteroscopy) are of a long duration, and sometimes unpredictable. Colonoscopy alone will not pose the same problems as upper GI endoscopy. The exclusive control of the airway by the anesthesiologist allows traditional inhalational anesthesia administration using a facemask preceded by induction using many propofol alternatives. The following review, however, discusses intravenous alternatives to propofol in endoscopy anesthesia (both upper and colon) and their modalities of administration. We assume that this will be especially useful for patients who need anesthesia for the procedures where conscious sedation is seen as impractical or impossible only because of limitations to propofol use. Additionally, the drugs discussed here can also be used as adjuvants to reduce the total amount of propofol consumed.

GENERAL PHARMACOLOGY OF INTRAVENOUS ANESTHETIC/SEDATION AGENTS {#sec1-2}
==============================================================

The drugs discussed in this review \[[Table 1](#T1){ref-type="table"}\] follow either a two- or a three-compartmental pharmacokinetic model. From a gastroenterologist\'s perspective, this means drugs momentarily distributing into the central compartment and almost instantly leaving to the muscle (so-called vessel-rich compartment) and fat. This distribution-induced fall in the plasma concentration allows awakening after a bolus administration. In order to keep the patients asleep after a bolus-induced sleep, it is important to follow with additional smaller boluses or, ideally, an infusion. Organ-dependent, and sometimes independent (in case of Remifentanil), elimination of the administered drug also begins almost instantly. This process of distribution and elimination applies to all the intravenous drugs used by both gastroenterologists and anesthesiologists. Although the intent of this paper is to discuss alternatives, a discussion of propofol itself is essential. As more gastroenterologists attempt to use it, it is important to be aware of the pitfalls of using this drug especially in combination with opioids. The major advantage of propofol is the unparalleled quality of recovery, especially after short anesthetics. In the hands of experts, deep levels of sedation can be maintained for short --- intermediate endoscopic procedures and yet ensure timely termination of the infusions, where the patient can wake up in a short time (usually 5-7 min). The clear-headed nature of recovery usually allows rapid discharge however to produce effective sedation that allows insertion of an endoscope (especially gastroscope requires doses that border on apnea). Relatively small doses can lead to coughing (rarely laryngospasm) and larger doses can cause partial (or complete if untreated) airway obstruction. Any physician attempting to use propofol should be able to recognize and treat laryngospasm, if necessary, by tracheal intubation. Fospropofol was recently tried as an effective sedation for GI endoscopy. It is a prodrug of propofol.\[[@ref4]\] However, the pharmacological variability and ability to cause apnea were difficult to address. In the absence of a pharmacological antagonist, it will be difficult for a non-anesthesia trained practitioner to use either of these compounds safely, except for very short procedures and in small titrated doses. It must be realized that evidence clearly suggests that use of sedation during procedures significantly improves the gastroenterologist\'s satisfaction scores toward procedural conditions and thus if the use of propofol is limited (legal binding for airway training), one must look for other valid alternatives.\[[@ref5]\]
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ALTERNATIVES TO PROPOFOL {#sec1-3}
========================

Midazolam and fentanyl are the mainstay of conscious sedation in GI endoscopy. However, they have their drawbacks and certainly cannot fill the place of propofol. They can at best supplement the anesthesia/deep sedation provided by the other drugs discussed here.

Midazolam {#sec2-1}
---------

Midazolam is a short-acting benzodiazepine developed in the 1970s by Hoffmann-La Roche. Midazolam has a rapid onset of action, high effectiveness and low toxicity level. Compared with propofol, it is significantly less likely to cause apnea or loss of airway. It primarily acts on centrally located GABA receptors and is unique in ability to be reversed pharmacologically using flumazenil. Before the propofol era, it gained significant popularity and was attributed as the drug of choice for short gastroenterology procedures.\[[@ref6]\] Compared with propofol, the quality of sedation provided by midazolam in GI endoscopic procedures has been reported to be relatively less comfortable for the patient.\[[@ref7]\] Combinations of midazolam with opioids like meperidine have been tried for sedation in a GI suite and the procedural conditions were comparable to propofol combined with low-dose midazolam. Being longer acting than propofol, the recovery times are likely to be prolonged. Paspatis *et al*. also highlighted this in their trial evaluating the midazolam combination with meperidine in comparison with midazolam and propofol for patients undergoing colonoscopies under sedation.\[[@ref8]\] Another distinct advantage of midazolam that has been utilized in pediatric patients undergoing upper GI endoscopies is midazolam utility as oral pre-medication. This pre-medication dose allows enhancing the child\'s cooperation and lowers the eventual doses of intravenous sedation required for the procedure. Despite the quality of sedation not being as "optimal" as that of propofol, it offers distinct safety advantages over propofol. The primary cause of the ASA directive against NAAP-based sedation is the ability of propofol to cause profound apnea and loss of airway tone. Both these events ultimately lead to compromise of patient safety unless appropriate measures to secure the airway are instituted.\[[@ref9][@ref10]\] Recently, Cooper *et al*. in their extensive analysis comparing propofol-based sedation in colonoscopy to earlier sedation practices in the pre-propofol era found that propofol-based sedation had significantly higher airway-related complications.\[[@ref11]\] Midazolam, even in relatively high doses, is not associated with apnea or loss of airway tone; thus, the airway-related complication rates are much lower even in the hands of physicians not experienced in airway management.\[[@ref12]\] Additionally, midazolam-based sedation is not associated with hypotension, which is invariably a complication related to the propofol infusions. The above fact has significant clinical importance for sicker patients and patients with GI bleed requiring endoscopic procedures under sedation, where propofol can lead to deleterious hypotension but midazolam is much safer. Literary evidence suggests that intermittent boluses of midazolam can be successfully and safely used for patients undergoing upper GI endoscopic procedures.\[[@ref13]\]

Remifentanil {#sec2-2}
------------

This is an ultra-short acting opioid with unique pharmacokinetic properties. Its pharmacodynamic properties are similar to the other commonly used opioids. It is a mu receptor agonist with profound analgesic properties. Pharmacokinetically, however, unlike all other opioids, Remifentanil is metabolized by esterases. Esterases are ubiquitous, being present in many tissues including plasma and red blood cells. Its fixed context-sensitive halftime stems from this unique metabolism. Because of rapid elimination, its context-sensitive half-life time is short, about 2-4 min, and fixed. The context-sensitive half-life time is the time for the plasma concentration to drop by 50% after a period of infusion. All anesthetic drugs exhibit an increase in this time with increasing the durations of infusion. For example, with propofol, after 10 min of infusion, this is about 2 min while that after 5 h of infusion is 30 min. With Remifentanil, this is constant irrespective of the duration of infusion. For the perspective of gastroenterology, the pharmacological properties offer unique advantages. It may not be uncommon for patients undergoing GI procedures under sedation to have hepatic compromise. Thus, most sedatives will have significant alterations in their pharmacokinetics, prolonging their clinical actions and recovery times unpredictably. Remifentanil by virtue of its metabolism being independent of hepatic function offers the advantage of being predictable in its clinical actions. Along with all other commonly used opioids in anesthesia, Remifentanil is also a pure mu receptor agonist at clinical doses. To be clinically useful, this drug needs to be administered as a small bolus followed by an infusion. When the drug was first introduced into clinical practice in the late 90s, there were case reports of intense bradycardia and briefs periods of sinus pause. It is not uncommon to see this with rapid and larger boluses. Sinus pause lasting 10-15 s can be unnerving. For this reason, it is important to administer it as a small bolus (1-2 mcg/kg) infused over a period of at least 2 min. This is to be followed by an infusion at 0.06-0.2 mcg/kg/min. Administration of 0.5-2 mg midazolam 2-3 min before is useful for amnesia, although Remifentanil itself has an amnesic effect. It can be repeated again in small doses during the procedure. After 4-5 min of Remifentanil infusions, patients tolerate GI endoscopy quite well.\[[@ref14]\] Bouvet and colleagues evaluated Remifentanil as an alternative to propofol for patient-controlled analgesia during digestive endoscopic procedures and concluded that self-administration of Remifentanil for sedation during GI endoscopies is as effective as the self-administration of propofol, and can be offered to patients especially when it is desirable that they remain conscious during the procedure.\[[@ref15]\] The role of Remifentanil in combination etomidate infusion has been evaluated in patients scheduled for colonoscopy, and the combination has shown significantly stable hemodynamics when compared with propofol-based sedation.\[[@ref16]\] Thus, in patients with hemodynamic compromise or on inotropes, the use of Remifentanil in combination with another hypnotic may help to maintain sedation in high-risk patients. Although Remifentanil is not an anesthetic, it does suppress the cortical EEG and many patients do not have a recollection of the procedure even when used as a single drug.\[[@ref17][@ref18]\] The same technique can be used for colonoscopies and will be easier due to the ability to administer oxygen via a face mask and, if necessary, assist ventilation. In our own experience, appropriately titrated Remifentanil infusion for GI endoscopy is associated with minimal complications and, eventually, can lower the "operating room time based costs" associated with procedures by promoting quick recovery.\[[@ref19][@ref20]\] Manolarki *et al*. found that Remifentanil when used for sedation during colonoscopy was effective in providing sufficient pain relief with better hemodynamic stability, less respiratory depression and significantly faster recovery and hospital discharge than moderate sedation with midazolam and meperidine.\[[@ref21]\]

Ketamine {#sec2-3}
--------

Ketamine is a phencyclidine derivative first used clinically in 1965. If not for emergence phenomena and unusual kind of (dissociative) anesthesia, it acts on a variety of receptors including *N*-methyl *D*-aspartate, Dopamine 2 and noradrenalin. From a gastroenterologist\'s perspective, ketamine scores over propofol significantly in its ability to maintain airway reflexes and preserving spontaneous respiration. Its ability to provide additional analgesia without apnea during gastroenterological procedures due to its high therapeutic index makes it one of the frontline choices to replace propofol for practitioners not specialized in airway procedures. Pharmacokinetically, the drug is ideal for endoscopy procedures. It fits into a two-compartment model. This means that after a bolus administration, the elimination curve is bi-exponential. The plasma concentration initially declines rapidlyfollowed by a slower phase due to elimination and slow distribution. Attributable to redistribution, it also has a context-sensitive half-life similar to Remifentanil, especially in short procedures like GI endoscopy. From this standpoint, it is quite useful as an infusion. However, frequently, it can be used as intermittent boluses when very short procedures are to be performed. There is limited data regarding the use of ketamine as either a single agent or with midazolam in endoscopy anesthesia/sedation. It is more popular as a mixture with propofol among a few anesthesiologists in our institution. Ketamine in sedative doses does not cause apnea and maintains airway reflexes. Miqdady *et al*. reported ketamine-based sedation to be particularly safe for pediatric patients undergoing upper GI endoscopy.\[[@ref22]\] Contrary to this, Lightdale and colleges found that ketamine sedation for upper GI endoscopy was associated with an increased incidence of laryngospasm and patient movement during the procedures.\[[@ref23]\] It must be realized that these events can however be prevented by adequate pre-medication of patients with anti-sialagogue in addition to small doses of midazolam prior to using ketamine. More experience of use of ketamine exists in pediatric patients, as ketamine is the least likely agent to cause apnea in this patient population when compared with the other sedatives available.\[[@ref24]\]

Emergence phenomenon is a major problem with ketamine use in adults. It is an established practice to co-administer ketamine with either diazepam or midazolam. However, not all patients administered midazolam will benefit from this. There is still an 8% chance of these reactions occurring after midazolam administration.\[[@ref25]\] Varadarajulu *et al*. studied the use of ketamine in patients who failed meperidine, midazolam and diazepam.\[[@ref26]\] However, their study has certain drawbacks. Their dose of 20 mg every 5 min is not the anesthetic dose we commonly use. We did not understand the purpose of using two benzodiazepines with different times of onset and significantly different durations of action. Knowing the pharmacodynamic variability of benzodiazepines, this seems to be an unsafe practice. The incidence of desaturation was surprisingly low with no apneic events. Still, they had a very high success rate. In a large case --- control analysis with ketamine anesthesia, the incidence of laryngospasm was 0.3%.\[[@ref27]\]

Dexmedetomidine {#sec2-4}
---------------

Dexmedetomidine has unique pharmacodynamic properties (unlike Remifentanil that has unique pharmacokinetic properties). It is a selective alfa 2 agonist.\[[@ref28]\]. Its action is similar to another alfa-2 receptor agonist called clonidine; however, it is six-times more selective. As the drug is now approved for sedation\[[@ref29]\] in un-intubated patients, its inclusion in GI endoscopy armory is both relevant and important. Dexmedetomidine is unique in that it has properties unlike any other commonly used anesthetic drugs. Almost all studies agree on one thing, its ability to maintain spontaneous ventilation with almost no assistance required apart from occasional chin lift. In that case, why is it not as popular as one expects? The foregoing discussion relates mainly to its potential use in GI endoscopy anesthesia/sedation. There are very few studies looking at the role of dexmedetomidine in GI endoscopy.\[[@ref30][@ref31][@ref32][@ref33]\] While using dexmedetomidine in the setting of GI endoscopy, the following points should be borne in mind:

The evidence for its use in this setting is weak at best.The optimal loading dose is unknown and evidence indicates that a bolus of 1 μg/kg over 6-10 min followed by 0.5-0.8 mcg/kg/h seems to be reasonable. However, it is important to remember that supplements of midazolam in increments of 0.5-1 mg are necessary for completion of the procedure.As can be expected from its pharmacokinetics, the drug has a prolonged induction time and even more prolonged recovery time. Most upper GI endoscopies will not take more than 10 min, which questions the role of this drug in endoscopy altogether.It is frequently noted that dexmedetomidine has an excellent hemodynamic profile. It suppresses intubation response and maintains heart rate and blood pressure, but it can also cause severe bradycardia and hypotension, which caused the cessation of at least one study.\[[@ref31]\]Even if a simple diagnostic upper GI endoscopy and a colonoscopy can be done with reasonable success, it might be difficult to carry out complicated therapeutic and advanced endoscopic procedures with dexmedetomidine even with the addition of midazolam and fentanyl.

In our opinion, dexmedetomidine might be useful for diagnostic upper endoscopy and colonoscopy in experienced hands. Use of midazolam and short-acting opioid is essential to achieve a higher success rate.

Remimazolam (CNS 7056) {#sec2-5}
----------------------

From the point of a gastroenterologist, the search is always on for a suitable alternative to propofol. The drawback of Remifentanil is its propensity to cause apnea and chest wall (and even jaw muscle) rigidity. Respiratory depression with resultant hypoxemia and need for constant supervision would make its use challenging even for an experienced anesthesiologist. Its context-insensitive half-life time, although useful from an infusion standpoint, is of no benefit for bolus administration. It is midazolam with an ester moiety introduced, such that the molecule can become a substrate for esterases. As a result, it can be metabolized in the plasma and tissues quickly without needing any specific organ. The patients are likely to wake up fast as a result after a bolus administration. Like midazolam, it acts on the benzodiazepine part of GABA receptors. In a Phase IIa clinical trial on patients undergoing upper GI endoscopy, its onset of action was similar to midazolam and recovery was slightly shorter.\[[@ref34]\] It is highly unlikely to replace propofol or be a realistic sole alternative to propofol as apnea will still be an issue and the depth of sedation that can be safely provided will be insufficient to undertake anything more than simple diagnostic endoscopy. Remimazolam is more likely to be part of future total intravenous anesthesia because of its more predictable recovery.
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